objective To assess the rate of default from treatment in the visceral leishmaniasis (VL) elimination programme and to identify risk factors and its underlying causes.
Introduction
India accounts for approximately 50% of the global burden of VL. The disease is endemic in 54 districts, 33 of which are in Bihar, four in Jharkhand, 11 in West Bengal and sporadic cases occur in six districts of eastern Uttar Pradesh. The state of Bihar alone contributes more than 70% of all VL cases reported from India. The population at risk is 34.65 million, in approximately 12 000 villages spread over 426 blocks (i.e. an administrative subdivision of a district) [1] .
VL is considered fatal if left untreated. In this region, elimination of VL is feasible because the disease is anthroponotic with man as the only host, the sand fly (Phlebotomus argentipes) the only vector, availability of rapid diagnostic tests as well as new and effective drugs and a strong political will [2] . However, this region has also experienced widespread emergence of antimony resistance due to inadequate, inappropriate, irregular and incomplete treatment [3] . Thus, ensuring appropriate and complete treatment of patients with VL becomes essential to achieve the elimination goal.
In a pilot study, it was observed that only 80% of the patients were completing their treatment at the PHCs [4] . The community is very much aware of kala-azar [5] , and the programme provides free diagnosis and treatment of VL. At present, there is no organised system in place to retrieve those who default from treatment in the programme. Under routine disease control programme conditions, some patients default, while others do not. There may be programmatic, individual and contextual reasons for not completing treatment. Thus, the aim of this study was to find out the magnitude of the problem of default from treatment and identify risk factors and underlying causes.
Methods
This case-control study was conducted between December 2009 and June 2012 in Kanti, Motipur, and Kudhani block primary health centres (PHCs) of Muzaffarpur district. Ethical approval of the umbrella project was obtained from the ethical committees of Banaras Hindu University, India, and University of Antwerp, Belgium. PHCs provided free diagnosis and treatment of VL as per national guidelines. Details of all patients treated at the PHC were systematically registered in a kala-azar register that specified demographic details, drugs received and dosage, date of start of treatment, follow-up results and outcome at end of treatment as described elsewhere [4] .
At the end of treatment, a list of all patients treated for VL during the study period was prepared from the PHC registers to give the total number of patients who completed or defaulted from their treatment. Irrespective of the type of the treatment regimen, a defaulter (cases) was defined as an individual who started treatment at one of the PHCs but did not complete the full course of treatment at the same PHC as per the record. Those who completed their treatment at any of the three PHCs were eligible as controls. To increase power, we opted for sampling two controls for each case. Study subjects were traced and interviewed with the help of a pretested and semistructured questionnaire. If study subjects (both defaulters and controls) were not available for the interview at the time of our first visit, one more visit was made. Close relatives of defaulters who had died were interviewed.
Sociodemographic data for all study subjects were collected from the treatment registers. Patient's opinion and satisfaction about the services provided by the PHCs were assessed using the Patient Satisfaction Questionnaire-Short Form (PSQ-18) [6] . For defaulters, additional questions were asked to investigate the reasons for stopping treatment.
Apart from monitoring the completion of VL treatment, no other interventions were done. VL was diagnosed at the PHC with a rk39-based immune chromatographic strip test (sensitivity 99-100%, specificity 93-95%).
Miltefosine was the recommended drug by the programme and was given 50 mg twice daily to those weighing >25 kg, once daily for those <25 kg and 2.5 mg/kg daily to children (2-11 years) for 28 days. Patients received miltefosine tablets for the first three days, and if there was no adverse effect on day 3, they received drugs to last until day 14. On day 14, they received the remaining drugs to complete 28 days of therapy. While collecting data from the treatment registers, it was observed that some patients had also received SSG, given IM/IV at 20 mg/kg daily for 30 days (http://nvbdcp.gov.in/kal8. html).
Statistical analysis
To assess the independent contribution of sociodemographic variables on the patient status (defaulter vs. nondefaulter), logistic regression analysis was performed. To account for clustering at the level of PHC center, the factor 'PHC center' was added to the model for all other factors assessed.
In the Patient Satisfaction Questionnaire, each question was measured on a scale of 1-5 (5 being the highest level of satisfaction). To analyse the data, principal component analysis (PCA) [7] was conducted to determine the number of factors to extract in a factor analytic study. The original data (PSQ-18) were decomposed into a set of linear variates (components) with orthogonal rotation (varimax). The Kaiser-Olkin measure (KMO) [8] was used to verify the sampling adequacy for the analysis. Bartlett's test of sphericity [9] was used to assess whether correlation between items was sufficiently large for PCA. An initial analysis was run to obtain eigenvalues for each component in the data. We selected components with eigenvalues over Kaiser's criterion of 1 and assessed which proportion of the variance was explained by these components.
Further, after decomposing the original data into a set of components, linear discriminant function analysis [10] (after meeting the assumptions) was conducted to predict whether a patient was a defaulter or not based on factor scores of the components as predictor variables. Linear discriminant function analysis (i.e. discriminant analysis) performs a multivariate test of differences between groups. In addition, discriminant analysis is used to determine the minimum number of dimensions needed to describe these differences. In this study, we are interested in the relationship between the continuous variables (factor scores of the likely extracted components in factor analysis) and our categorical variable (status of patient, i.e. defaulter/non-defaulter). Specifically, we wanted to know how many dimensions we would need to express this relationship. Using this relationship, we predicted a classification based on the continuous variables and assessed how well the continuous variables separate the categories in the classification.
Results
A total of 544 VL patients (311 males and 233 females) were registered for VL treatment at the three selected block PHCs. Of the 16.3% (89) who defaulted, 49.4% were males and 50.6% females. PHC figures revealed that 12.0% (16/130), 22.5% (32/142) and 15.0% (41/ 272) defaulters were noticed in the Kanti, Kudhani and Motipur block PHCs, respectively; 87/89 defaulters were traced and interviewed; 188 controls were selected randomly from the total of 455 patients (those who completed treatment during the study period) to meet 1:2 ratio of cases and controls. At the time of the study, miltefosine was the drug of choice for kala-azar treatment (as per national programme guidelines) and SSG was also given to the patients due to the availability of old stock; 153 (55.6%) of the 275 subjects were treated with miltefosine and 122 (44.4%) with sodium stibogluconate (SSG). Among defaulters, 58.6% were taking miltefosine and 41.4% were taking SSG. However, there was no significant association found between drug used and defaulter status.
Baseline characteristics of the participants are shown in Table 1 . Default from treatment was significantly associated with the place of treatment, that is PHC. We observed a statistically non-significant trend towards females being more likely to default from treatment. Of 87 defaulters, 60 (57.6%) stopped treatment in the respective PHCs within one week of starting it; 75 (86%) defaulters completed treatment at other health facilities. Of these, 70% preferred non-governmental facilities to complete treatment. The vast majority of defaulters (81, i.e. 93%) were healthy at the time of interview; two had died (Table 2) .
When asked about the reasons for default, most of them stated more than one reason. The main reasons were to seek a second opinion for their illness, preference for treatment at clinics specialising in treatment of VL, side effects of drugs. But few of them cited additional problems like they felt better after starting the treatment, other associated illness and personal reasons (Table 3) .
Principal component analysis (PCA) revealed the Kaiser-Olkin measure as 0.83, well above the acceptable limit of 0.5. Bartlett's test of sphericity was highly significant (chi-square = 1585.18; df = 153; P < 0.001) indicating that the correlations between items were sufficiently large for PCA. In the initial analysis, five factors (components) had eigenvalues over Kaiser's criterion of 1 and in combination explained 59.32% of variance. Table 4 shows the rotated factor loadings as it contains the rotated solution that is interpreted. It represents both how the variables are weighted for each factor and also the correlation between the variables and the factor. Because these are correlation coefficients, possible values range from -1 to +1. In the analysis, the extracted five factors are rotated and the final solution is displayed.
In Table 4 , the correlation between different variables and the factor >0.4 appears in bold. The original logic behind suppressing loadings <0.4 was based on Stevens [11] suggestion that this cut-off point was appropriate for interpretative purposes. The clutter of low correlations (less than 0.4) that are probably not meaningful appear in regular font. When trying to interpret the first factor, we can see that all variables that are highly correlated with this factor (highlighted in bold) measure the satisfaction with the behaviour of medical staff in one way or another. In the same way, factor 2 represents the satisfaction about medical care received, factor 3 satisfaction about the availability of medical services, factor 4 satisfaction about the accessibility of medical services, and factor 5 concerns with the satisfaction with interpersonal communication between patient and medical staff. Further in discriminant analysis, significant mean differences (P < 0.05) were observed for the predictors (satisfaction with the behaviour of medical staff, medical care received, availability of medical services and with interpersonal communication between patient and medical staff) on the discriminant variable. While the log determinants were quite similar, Box's M indicated that the assumption of equality of covariance matrices was violated. However, given the large sample size, this problem is not regarded as serious. The canonical correlation was 0.78 suggesting that the model explains 60.84% of the variation in the grouping variable, that is whether a patient is defaulter or not.
The structure matrix table (Table 5) shows the correlations of each variable in the model with discriminate function. These Pearson's coefficients are structure coefficients or discriminant loadings. It can be said that they are factor loadings of the variables on discriminant function. It allows comparing correlations and seeing how closely a variable is related to the function. Generally, just like factor loadings, 0.40 is seen as the cut-off between important and less important variables. Closer analysis of the structure matrix revealed only one significant predictor, namely satisfaction with medical care received (r = 0.813), that discriminates between nondefaulters and defaulters.
Discussion
In the VL elimination programme, a key programmatic indicator is to achieve a treatment completion rate above 90% in any district [1] . In our study, the 84% treatment completion rate is slightly lower than the target; however, the fact that most of these defaulters actually completed their therapy at other healthcare facilities is encouraging. Another finding in the study was that 41% of patients were still getting SSG instead of Miltefosine, the first-line treatment recommended at the time of the study in a district with substantial reported SSG resistance [3, 12] . As effective treatment is an important component of the elimination effort, use of ineffective drugs does not bode well for the programme's success.
As default from treatment was significantly associated with the place of treatment, it implies that there might have been differences in the functioning as well as care provided at the individual PHCs. This is also supported by the discriminant analysis findings. Most defaults occurred within the first week after start of therapy, whereas Pefurayone et al. show that in tuberculosis default was observed more during continuation phase [13] . The future use of single dose of liposomal amphotericin B as currently recommended by WHO and adopted by the national vector-borne disease control programme will alleviate the need to come back to the health centres and thus decrease the default rate [1, 14] .
Eighty percent of the people in India use private hospitals for their medical needs [15] , and one of the reasons for doing so is lack of faith in government hospital services [16] . A similar finding was observed in our study where the main reason cited for defaulting was to seek a second opinion from centres specialised in VL care, which suggests lack of faith in the PHCs. Even in tuberculosis, treatment by a non-pulmonologist, that is nonspecialist, was an independent risk factor for default [17] . In a qualitative study conducted by Miller et al. in South Africa, the most cited reason for default from HIV treatment was treatment cost and time needed for treatment [18] , which is different from our findings.
In the discriminant analysis, the only significant predictor for default was satisfaction about medical care received, which included the patient's perception about the ability of doctors, diagnostic procedures and medical care in the PHCs. Megh Raj Banjara found low patient satisfaction with ease of access and time spent with health provider [19] . Presence of healthcare workers trained in treatment of VL, availability of free and effective drugs in the government facilities, and availability of information about these facilities among the general public will help to overcome this lack of faith in the PHCs.
In the national TB programme, public-private partnership has shown to increase case detection and treatment success rates [20] . As 70% of defaulters opted for private-sector facilities for treatment completion, involving private healthcare facilities in the VL elimination programme by providing training, monitoring and distribution of free drugs through them will improve the performance of the programme.
According to the new VL case management guidelines, a single dose of liposomal amphotericin has been introduced as first-line treatment at all health facilities where infrastructure is available to maintain the cold chain required for L-AmB, while miltefosine will continue to be used till the remaining facilities have been upgraded. As single-dose L-AmB ensures 100% compliance, there will be a dramatic decrease in default rates. However, for PKDL patients treatment will remain prolonged. Thus, our study findings remain applicable in the Indian subcontinent as long as miltefosine, amphotericin B or a combination of miltefosine and paromomycin for 10 days is being used.
The limitation of the study is its case-control design. Due to the retrospective collection of data, there might have been recall bias. Also, default status was collected from recorded information, relying on its completeness Factor loadings over 0.40 appears in bold. Satisfaction about the accessibility of medical services 0.080 and accuracy. We cannot rule out social desirability bias during the interview; neither could we confirm the fact that 86% defaulters completed their treatment in another centre.
